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[SPECIFICATION] 

[TITLE OF THE INVENTION] 

Electroacoustic transducer 

[CLAIMS] 

0) 

After performing multiplication with carrier of 
frequency higher enough than wave number 
between signals after adding signal from source 
of signal of audio frequency band, and a direct 
flowed part at a certain fixed rate and 
performing 1 / square conversion process and 
carrying out power amplification, it leads to 
ultrasonic vibrator which carries out electric 
sound conversion, signal to which the 
above-mentioned modulation was given is 
converted into acoustic wave of limited 
amplitude level, and it radiates into media, such 
as air, the original audible sound was 
regenerated according to nonlinear effect of this 
medium. 

Electroacoustic transducer characterized by the 
above-mentioned. 

(2) Integrate twice in time beforehand through 
signal of said audio frequency band in 
double-integral vessel. 

Electroacoustic transducer given in the 1st 
claim characterized by the above-mentioned. 
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[DETAILED DESCRIPTION OF THE 
INVENTION] 
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[TECHNICAL FIELD] 

This invention relates to electroacoustic 
transducer for radiating into air by making 
electrical signal of audio frequency band into 
acoustic signal. 

[PRIOR ART] 

Now, as an electroacoustic transducer, 
dynamo-electric direct radiation speaker and 
horn load speaker are in use. 
However, by vibrating diaphragm in air also in 
which system, compressional wave of air is 
made and machine vibrational energy is 
transformed into sound energy. 
This invention utilizes parametric effect of 
waves of finite amplitude by nonlinearity of 
means, i.e., air, by which acoustic transducers, 
such as conventional speaker, differ at all. 
It is characteristics that acoustic wave (called 
secondary wave ), as for, self-demodulation 
was carried out by parametric effect and which 
was regenerated in air has directivity response 
pattern equivalent to carrier acoustic wave of 
ultrasonic range. 

In this way, ultrasonic wave to which amplitude 
modulation was given by signal of 
audio-frequency-band region is radiated into 
media, such as air or water, on limited 
amplitude level, and various report is already 
carried out as a parametric speaker about 
system using demodulation acoustic wave 
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produced in medium with self-demodulation 
effect based on nonlinear hardening of medium 
as a means of communication. 
Parametric speaker using nonlinear 
phenomenon of this acoustic wave has one 
characteristics in that directive sharpness. 
However, by signal wave which is audible 
sound, amplitude modulation of the carrier wave 
of high frequency is carried out, and this sends 
it as an owner eye amplitude wave. 
By nonlinear interaction of acoustic wave, as a 
result from which secondary wave related to 
signal is distributed in a vertical array form in 
space, directivity is sharp and side lobe also 
becomes smaller. 

Waves of finite amplitude which had envelope f 
(t) from circular transmitter of radius a now 



o > 



b/c t t5o Po Suppose that these were radiated. 



JEEU o> 0 fi#&^2i£<7)^>0 Here, Po is sound-source sound pressure and 0 

(omega) is angular frequency of carrier wave. 
If it assumes that this primary wave carries out 
collimate enough by plane wave, secondary 
wave P 2 is on sound axis. 
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It becomes these. 

In addition, (beta) is nonlinear parameter of 
medium, (rho) 0 is medium density, C 0 is 
acoustic velocity, and (alpha) is linear 
absorption coefficient of primary wave. 
P 2 is proportional to f 2 from Formula (2). 
That is, secondary wave arises in response to 
nonlinear operation of square of envelope. 
This square operation is direct result of the 
secondary nonlinearity of acoustic wave, 
comprised such that it becomes cause of 
generating of distortion of reproduced signal. 
Then, now 



tt5t, Pif£ff-^s(t)klit#iJ 
^3^3BS:3E^Mfi!lSESr(MDSB) 

tO#ttitt££tToT dB 



If it carries out, Pi is proportional to signal s (t), 

it stops producing distortion. 

This modulation will be called deformation 

double sideband (MDSB) system. 

Table 1 is based on modulation method used for 

parametric speaker, i.e., double sideband (DSB) 

system, characteristics comparison with this, 

and single-sideband (SSB) system and 

deformation double sideband (MDSE) system 

was performed, and it indicated by dB. 
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l^U [TABLE 1] 
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System / Item 

2nd harmonic-distortion percentage (%) 
Reproduction sound pressure Power limited 
Reproduction sound pressure Amplitude limited 
Band of electrical signal (Hz) 

fo+f from fo-f 
fo from fo-f 
or 

fo+f from fo 



fiiL N fi-£f <?: LTf4IE3£$?£: L N However, as a signal, it is considered as sine 
100%^f^L, xt(3)"Cfi wave, and modulates irregular 100%, with 

Formula (3) 



(Dm^^M^t Lfc 0 ^<D$£$k^ It is aimed at these cases. 
t>T^O^(^iBV^T(4 DSB n As a result, although DSB is inferior in point of 
5£ 5 &^$:$hm(D&-x:Mc t> ct distortion, it is the best in respect of conversion 
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efficiency, and MDSB is excellent in point which 
distortion does not produce. 
However, when for that electrical signal carries 
out bandwidth increase, if transmitter which 
covers that band is not used, distortion will 
increase on the contrary. 

Effectiveness of DSB which arranged ultrasonic 
vibrator with a center frequency of 40kHz in 
581 -piece planar shape, and performed it, and 
MDSB system, and experimental result of 
distortion are each shown in FIG.1 and FIG.2. 
However, reproduction sound pressure distance 
when setting constant peak value of applied 
voltage to speaker in FIG. 1 is set to 9.5m, in 
FIG. 2, harmonic frequency characteristic 2nd, 
3rd which set fundamental wave to OdB is 
shown. 

In addition, it is one that is performed on 
condition of amplitude limited which set 
constant peak value of applied voltage to 
speaker about comparative experiments of 
effectiveness, and both, comparable sound 
pressure is obtained and expression 
corresponds with theory. 

As far as 2nd harmonic is concerned about 
distortion shown in FIG. 2, about 10dB of MDSB 
systems becomes smaller from DSB. 
However, 3rd harmonic is in inclination which 
becomes bigger on the contrary according to 
vibrator not being broad-band. 

In this way, it has disadvantage that the 
above-mentioned system has many 2nd 
harmonic-distortion components, and in 
particular 2nd harmonic-distortion rate relates to 
modulation factor at the time of amplitude 
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modulation directly, and gets so bad that 
high-pitch becomes deep. 

[PURPOSE] 

This invention radiated into air disadvantage 
like the above-mentioned, i.e., ultrasonic wave 
by which amplitude modulation was carried out 
with signal of audio-frequency-band region, on 
limited amplitude level, and is made for the 
purpose of preventing degradation of 2nd 
harmonic-distortion characteristics made into 
disadvantage in speaker (called parametric 
speaker ) of system which obtains audible 
signal in which self-demodulation was carried 
out by nonlinear effect of air. 



mm 

Jg*B2E9l & S ft fc as tr — 



[CONSTITUTION] 

Composition of this invention is hereafter 
explained based on Example. 
Generally, if frequency of ultrasonic wave 
becomes higher, acoustic wave radiated from 
vibrator will become beam-like, and will come to 
go straight on. 

When it is assumed that ultrasonic wave which 
received amplitude modulation from vibrator 
array of radius a is now radiated by the form of 
a beam, sound pressure P in point of distance 
which is made up of array x can be expressed 
with following Formula. 



Co ' 
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However, C 0 is acoustic velocity, (alpha) is 
damping coefficient of acoustic wave of each 
frequency (omega) 0 , Po is initial-stage sound 
pressure, m is modulation factor, and g (t) is 
modulated wave. 

(3) Ultrasonic wave of limited amplitude level 
expressed with expression is demodulated by 
nonlinear parametric effect in air, sound 
pressure of secondary wave to produce is 
expressed by the following non-homogenous 
wave equations. 



S:(5){cjoV^T Ps : 2 llktikoia Virtual sound-source density of secondary wave 

f±, p o • 3?^<£>^lt\ q:1 produced in Formula (5) in sound pressure of 

tf-i^^tc^CS 2 yk$£<DifcM Ps:secondary wave, (rho) 0 :density of air, and 

tzfz. L q fi^sC"CS q:primary wave beam, however, q can be 

f^^t^bo expressed with following Formula. 



^oT(4),(6)xCJ: 9 T — ?b Therefore, following Formula will be obtained if 
(D$IW. x($i ±.)(D^~x:co{RM^ virtual sound-source density in point of distance 
ag*^SrtHf"t"5 #:5£;H#£ x (on axis) from array is calculated from (4) and 

(6) Formula. 
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Right-side Claim 1 of said (7) type expresses 
virtual sound-source density based on signal 
component, claim 2 expresses virtual 
sound-source density of distortion component. 
This invention relates to modulation method for 
removing distortion component produced in 
acoustic transducer using nonlinear parametric 
effect as explained above. 
That is, after adding and SQUARE-ROOT-OF 
-converting direct flowing component in 
modulating signal, it is modulation method 
which takes product with carrier signal. 
In this case, modulating signal-ed can be 
expressed with following Formula. 



J* 



bt£%> 0 t¥oT. MWiirTU— It becomes these. 

a>kxfc5gE«©-£-C<7> 1 Therefore, sound pressure of primary wave 

(tt^WffiWftJOWBEtt (ultrasonic wave modulated irregular) in point of 

distance which is made up of vibrator array x 
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<fc#3. Z<Dm&<D2 1fc1&<Di& It becomes these. 

W-ErW.$5B[l~& (6) ^^r^V^'C Virtual sound-source density of secondary wave 

in this case should use (6) Formula. 



» < I - — 

( t « > 



£#5 0 Ufcd5oT*^fB*S; It becomes these. 

ir(7)^^fflH23Stc^: Therefore, if this modulation method is used, 

£fri&^bi*, Z>irfyf&frffiffi like and distortion component which are shown 

8£b, S^e 1 <7>^W^^ : b< [o] in (7) Formula right-side Claim 2 will eradicate, 

-bi~5 r i: d s ffl#"C# So it is expectable that crystalloid of reproduction 

sound improves remarkably. 

[MM&l 1 ] [EXAMPLE 1] 

#^W£^J£i~5fcft<DS^W Example of fundamental composition for 

fllJSfc^JS:^ 3 EHc^i" 0 ^ 3 El implementing this invention is shown in FIG. 3. 

tcjoV^T. 1 f4^Wfi-©-ag(RriS In FIG. 3, 1 is source of modulating signal 

/nl&f^), 2 fi^3fc?S N 3 (ijE (audio frequency band), and 2 is constant 

4 fi2in3¥£!!k 5 multiplier, 3 is source of direct flowing, 4 is 

#^ 6 iigt$Si|lS^, 7 adder, 5 is SQUARE-ROOT-OF converter, 6 

fiiKi^ 8 fi/^-Ty/, 9 is ultrasonic band oscillator, 7 is multiplier, 8 is 

fiS^iSSRl-T-T "CfcSo power amplification, 9 is ultrasonic-vibrator 

array. 

l^J£#J 2] [EXAMPLE 2] 

&$&9i<D&1&MM&l&WS 4 12] id Deformation Example of this invention is shown 

^i" 0 REKcjoV^T. 10 fiUS in FIG. 4. 

-toftilfii? 3 @i: [rI C In this figure, 10 is double-integral device and 

"CfcSo *^ff^S:^S<5< # others are the same as FIG. 3. 
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Eventually reproduction sound pressure 
obtained by nonlinear parametric speaker 
based on this modulation method is given in 
following Formula in respect of axis top x of 
array. 



3 P » * 



« < I ) 



ff^^HfiJS^IWfs-^- That is t reproduction sound pressure is 
<£> 2 P&tS^tclt^iJ-^So^oT, proportional to the second degree differential of 
%i 4 miZTF-t^k < ^SUJAhuK original modulating signal. 
^fe^fKS-^SrZlfi^^^^ii Therefore, reproduction sound pressure which 
^ (Dj&^Wft&M't ^- i: J: is proportional to the original modulating signal 
^ 5t;^^f^{H^f-tt:^Jb^B by after that giving modulation beforehand to 
£ (9 double-integral device through modulating 

signal before modulation as shown in FIG. 4, 
that is, 



e c I 



t it i 



Sr#5^i:dST*#5o These can be obtained. 

[ADVANTAGE] 

£A±<^KW*^^fe^/«cJ:5 According to this invention, high-pitch distortion 
^ ^l^KiSt, S^fe"©^ of reproduction sound improves as is evident 
^Pt>T^^&# $ tt, iU iSR from the above explanation - having 
t£W£Jmfr% hft&o t^5f5^rS: High quality reproduction sound is obtained. 
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In conventional method, when modulation factor 
(m IS_LESS_THAN_OR_EQUAL_TO 1) 
became deep, distortion factor degraded 
remarkably. 

However, regardless of m, distortion can be 
reduced in this invention basically. 
Therefore, m of effect is remarkable when large 
(however, m IS_LESS_THAN_OR_EQUAL_TO 
1). 

Reproduction sound pressure is proportional to 
m here. 

Therefore, it is direction very desirable also for 
efficiency improvement of acoustic transducer 
that major m can be used. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

It is electric-circuit figure for FIG. 1 to explain 

effectiveness comparison figure of ultrasonic 

vibrator, for FIG. 2 explain distortion comparison 

figure, and for FIG.3 and FIG.4 each explain 

Example of this invention. 

[1... of modulating signal source ] 

, [2... constant multiplier] 

, [3... of direct flow source ] 

, [4... adder] 

, [5... SQUARE-ROOT-OF converter] 

, [6... ultrasonic band oscillator] 

[7... multiplier] 

, [8... power amplification] 

, [9... ultrasonic-vibrator array] 

, [10... double-integral device ] 
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[FIG. 3] 
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1^40] [FIG. 4] 




[mf&m 17 &(D 2 (DMfeiz [Printing of correction of 2 of Section 17 of 

J: -5MlE<7)if ^] the Patent Law depended specified] 

Bgfr] 58 ^#frHH 183785 Since there was correction which 2 of Section 

(MBS 60-75199 ^-.BSfp 60 ^ 17 of the Patent Law will depend specified in 

4 B 27 0 ^fr^Bfl^fflF^ffi Showa 58 about Patent application No. 183785 

60-752 #-$l^c)(;iol^Tte:#fF (Unexamined-Japanese-Patent No. 60-75199, 

?£Jg 17 4k<D 2 ©iSci5i 60 to April 27, Showa 60 issue public 

lE^feofcrot'TIHro i *3 <9 Ji presentation patent 752 printing), it publishes as 

ft"* - 5. 7(3) follows. 
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[SPECIFICATION] 

[TITLE OF THE INVENTION] 

Electroacoustic transducer 
Claim 

(1) In electroacoustic transducer which is 
equipped with ultrasonic-oscillation element 
which converts electrical signal from source of 
signal of audio frequency band into acoustic 
signal, radiates limited amplitude ultrasonic 
wave into air, and obtains audible signal with 
parametric effect by nonlinear characteristics, 
1st converter which adds direct flowing 
component to input signal at a prescribed 
proportion, and performs 1 / square conversion, 
after having multiplied output signal of said 1st 
converter with carrier of frequency higher 
enough than said output signal, providing 2nd 
converter which performs power amplification 
and converting said electrical signal by said 1st, 
2nd converter, it was made to supply said 
ultrasonic-oscillation element. 
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Electroacoustic transducer characterized by the 
Il^Io above-mentioned. 

(2)Hi)f5m^'ff #fi, 2 fi8f#3& (2) Said electrical signal is integrated twice in 
3rii LTH^IHI&tyj: 2 HHB#$;Jx time through double integrator. 

5- i !r#^^t5 Electroacoustic transducer given in the 1st 
^I^St^<7)^|g^(i)j^(c:f2^ claim characterized by the above-mentioned 



M * Id ja v ^ t JgtblS £r Si®] $ -fr 



•9 1$fe^»^/b3r — £^1^ 

s©*»^Mi^fi^< gam 



[DETAILED DESCRIPTION OF THE 
INVENTION] 

Technical field this invention is made into 
electroacoustic transducer for radiating into air 
by making electrical signal of audio frequency 
band into acoustic signal in between. 

[PRIOR ART] 

Now, as an electroacoustic transducer, 
dynamo-electric direct radiation speaker and 
horn load speaker are in use. 
However, by vibrating diaphragm in air also in 
which system, compressional wave of air is 
made and machine vibrational energy is 
transformed into sound energy. 

In this way, ultrasonic wave to which amplitude 
modulation was given by signal of 
audio-frequency-band region is radiated into 
media, such as air or water, on limited 
amplitude level, about system using 
demodulation acoustic wave produced in 
medium with self-demodulation effect based on 
nonlinear effect of medium as a means of 
communication, it is as a parametric speaker 
(various report is already carried out.). 
However, it has disadvantage that the 
above-mentioned system has many 2nd 
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2 MV%$.Z>~f Zf-f&ft&^i^t i/ N harmonic-distortion components, and in 

ojK&&^ LT*5 9 ,#t£, ^ 2 particular 2nd harmonic-distortion rate relates to 

«W&tM**J|5figflB&9iB3F<z> modulation factor at the time of amplitude 

l£S°J^(-i£^ll8i!£ LT *5 19 ,g£ modulation directly, and gets so bad that 

M&%&< ^-5S^< &<5 0 modulation becomes deep. 

!B#Jl [PURPOSE] 

#S§H3»i» Jri£© r i #^sc^ N This invention radiates into air disadvantage like 

-t't£t>-t>,'5[mm$L ! fkWt8L<Dfe the above-mentioned, i.e., ultrasonic wave by 

^r\c k^XWmWM&titclgi^ which amplitude modulation was carried out 

fcttW&1&\'^j\'-VQ.%q>\ZL with signal of audio-frequency-band region, on 

$c£fU SMO^iff^tJ; limited amplitude level, it is made for the 

K> £ B^l^^tLfc'BIl^'ff -^-$r# purpose of preventing degradation of 2nd 

<5^"5£<£>;* fc°— ^7(/^7 h y harmonic-distortion characteristics made into 

y # *t°—2> disadvantage in speaker (called parametric 

XtK&b ZtiTi'^ 2 Msffiifc speaker ) of system which obtains audible 

l>i"^4#ttoD^fcSrBSCr. t & signal in which self-demodulation was carried 

IsXte Stitch <DX$> out by nonlinear effect of air. 

<5 0 

[CONSTITUTION] 

^SSW^Dfll^fJioi^-c* J^T, Composition of this invention is hereafter 

MMWllz&^^Xs&VR-tZ><, explained based on Example. 

^.<D^mmm^nm^tcy< Parametric speaker using nonlinear 

7^ h^y^f-Att, ^co phenomenon of acoustic wave has one 

f§fp]t4tf>!££ {c— KDW®L& h characteristics in the directive sharpness, 

ori^ c\tmM^^!M$.%zcD$fcx£ However, by signal wave which is audible 

i&^r^fll^T'&Slf ■%-ifcXM$& sound, amplitude modulation of the carrier wave 

£BI L#|gg(gj& t l>xm$.1r of high frequency is carried out, and this sends 

Z>h<DX\ #&co#^fSSf£ it as a limited amplitude wave, 

fflfd «£ o T{t-PHc||H^ Lfc 2 2k By nonlinear interaction of acoustic wave, as a 

&&&KftiZLW£MTi'—mzfr result from which secondary wave related to 

*t5l£*<t L T Ir] t£ a* |J£ signal is distributed vertical type array form in 

<, -^-Y Kn — ^fc/h* < <C5 space, directivity is sharp and side lobe also 

h <D X s fo <5 o becomes smaller. 

wnjga&«S«t 9 Waves of finite amplitude which had envelope f 
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f(t)£- t o WPfiSfliiFiBt (t) from circular transmitter of radius a now 



C t- > 



£&ttL,7t<fci-5 0 Po Suppose that these were radiated, 

fi^^^ffi, coo HWk&$.(Dftm Here, P 0 is sound-source sound pressure and 0 

&%kXfoZ> 0 tU (omega) is angular frequency of carrier wave. 

* S5 Fffi&T+5>=i y ^ h LT If it assumes that this primary wave carries out 

V^S biKfe~t%> t 2&2gP 2 fi1f collimate enough by plane wave, secondary 

$6-tf^~t wave P 2 is on sound axis. 



Pa 



l.« * * Cy* 9: r 



a t, ■ 



C * ) 



Co fiWiS, a {4 1 $Z$i<DmMm 
JR«»-C&5 0 5£(2)<J:<9 P 2 (4 
f 2 }Ctb^JLT^6 0 IP^^CT) 

§ m t ^ o ^mmm^^n x 



It becomes these. 
In addition, (beta) 

Nonlinear parameter of medium and (rho) 0 are 
medium density, and C 0 is acoustic velocity, 
(alpha) is linear absorption coefficient of primary 
wave. 

P 2 is proportional to f 2 from Formula (2). 
That is, secondary wave arises in response to 
nonlinear operation of square of envelope. 
This square operation is direct result of the 
secondary nonlinearity of acoustic wave, 
comprised such that it becomes cause of 
generating of distortion of reproduced signal. 
Then, now, 



f ft) 
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Pi IfiimTr S(t)\zitM If it carries out, P-i is proportional to signal S (t), 

I>i*3Mi£ Ct£ < 5 G it stops producing distortion. 

*^PJf4, t£5fc<7);x #^<D As for this invention, acoustic transducers, such 

tKl*Sttt^<I5m as conventional speaker, are different means 

o£ *9 2£%<D#mMlz J: 5^P5 completely, that is, parametric effect of waves of 

S#a^&<7V^ v ^ h y > ^ finite amplitude by nonlinearity of air is utilized. 

£:fiJ#Ji"5 t>t£>"C&5)&^ it is characteristics that acoustic wave (called 

^ h y ^^^tiot^t secondary wave ), as for, self-demodulation 

T?S S^Sl^tbTS^^^fc^ was carried out by parametric effect and which 

i&(2 tWt' 5)fixS1f?Bt1^ was regenerated in air has directivity response 

i$<D3rir y T^^i: [^^cDfgfp] pattern equivalent to carrier acoustic wave of 

&s<# — > £: <5 co as#8fc-? ultrasonic range. 

fcSo Generally, if frequency of ultrasonic wave 

— #x{c, Si#}&<Z)Ml2Sffc^;g;< becomes higher, acoustic wave radiated from 

SiSb^F- J: (9 Jfelt vibrator will become beam-like, and will come to 

iNBEfitf— A^td/jCoTBiiii- go straight on. 

£ <£ 5 <5 0 When it is assumed that ultrasonic wave which 

^\ ¥@ a cD^ibT-T received amplitude modulation from vibrator 

MWi^M&^tt yt^WSE* 5 tf — array of radius a is now radiated by the form of 

kfofelstcW? a beam, sound pressure P in point of distance 

o\ 7 ^~ fch x &5E§8l£>,& which is made up of array can be expressed 

-COWJEE P {i&xtT^-fr5 0 with following Formula. 



lOJW^JE, m KfcaEM, g(t) 



However, C 0 is acoustic velocity, (alpha) is 
damping coefficient of acoustic wave of each 
frequency (omega) 0 , Po is initial-stage sound 
pressure, m is modulation factor, and g (t) is 
modulated wave. 
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! $L%*¥'V$Fltk : f&s<*7 * hV v2 Sound pressure of secondary wave which 
ffcEIM ioTf l^tit^D?) ultrasonic wave of limited amplitude level 
2 &&©#JEfi^T»##2fciK expressed with (3) Formula is demodulated by 
WjJjWl^I^ i: otSt>$ti5>o nonlinear parametric effect, and produces in air 

is expressed by equation like the following 
methods of non-homogenous wave. 

- (5) 



*S (5) KlSo^T, P 3 : 2^igc?) In Formula (5), p 3 : Sound pressure of 

WfiU po : 2£^(7)^£t\ q:1 #c secondary wave, (rho) 0 : Density of air, virtual 

S?f —AtfJ}-^ £5 2 j^^O^S sound-source density of secondary wave 

^iir}IS^£t\ fcfc'Lq fiZfc^'T produced in q:primary wave beam, however q 

S^-tirSo can be expressed with following Formula. 



t¥oT(4) ,(6) 5^ct *9 T Therefore, following Formula will be obtained if 

h cOil&M. x ($&±}<D&*V(D{lsLM virtual sound-source density in point of distance 

IsM^^&tiW-tZ) t x (on axis) from array is calculated from (4) and 

<5 0 (6) Formula. 



— 

<7) 



±i2 (7) sCco^a^ 1 JSfifS Right-side Claim 1 of said (7) type expresses 
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virtual sound-source density based on signal 
component, and Claim 2 expresses virtual 
sound-source density of distortion component. 
This invention relates to modulation method for 
removing distortion component produced in 
acoustic transducer using nonlinear parametric 
effect, as explained above. 
That is, after adding and SQUARE-ROOT-OF 
-converting direct flowing component in 
modulating signal, it is modulation method 
which takes product with carrier signal. 
In this case, modulating signal-ed can be 
expressed with following Formula. 



B ( t > l.Lo u t t 



ifcSo t^oT, aSttj^-TU— It becomes these. 

^x^5»©^©i« Therefore, sound pressure of primary wave 
(K^fSifiiWiBOWWIEfi (ultrasonic wave modulated irregular) in point of 

distance which is made up of vibrator array 



ifcSo ^coWf^<D 2 ?k&(D{& It becomes these. 

^Um&ii(6)^m Virtual sound-source density of secondary wave 

in this case should use (6) Formula. 
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- £10) 



<tft-5 0 Lfc^oT«f^5£ It becomes these. 



#f/&#J£3l 1 latd^i",, m 1 in 

mm. 4 wjjn»«, 5 tty^* 



Therefore, if this modulation method is used, 
like and distortion component which are shown 
in (7) Formula right-side Claim 2 will eradicate, 
and it can be anticipated that quality of 
reproduction sound will improve remarkably. 

[EXAMPLE 1] 

Example of fundamental composition for 
implementing this invention is shown in FIG. 1. 
In FIG. 1, 1 is source of modulating signal 
(audio frequency band), and 2 is constant 
multiplier, 3 is source of direct flowing, 4 is 
adder, 5 is SQUARE-ROOT-OF converter, 6 
is ultrasonic band oscillator, 7 is multiplier, 8 is 
power amplification, 9 is ultrasonic-vibrator 
array. 



[EXAMPLE 2] 

Deformation Example of this invention is shown 
in FIG. 2. 

In this figure, 10 is double-integral device and 

others are the same as FIG 1 . 

Eventually reproduction sound pressure 

obtained by nonlinear parametric speaker 

based on this modulation method is given in 

following Formula in respect of axis top x of 

array. 
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< i i » 



S^^flEfiJ^^lHffi That is, reproduction sound pressure is 
<£> 2 P&^$>{^Jt^Ji~S 0 t£o T, proportional to the second degree differential of 
i2@ \z.7^-t rt< ^f^tu(c original modulating signal. 
^*^f^W^^~fi^5>3ff{£i§ Therefore, reproduction sound pressure which 
Ltf^llii^Ifr £ is proportional to the original modulating signal 

^ TC^^I^'fa ^-(-tb^J LfcS by after that giving modulation beforehand to 
^^I±, o£ r> double-integral device through modulating 

signal before modulation as shown in FIG. 2, 
that is, 



These can be obtained. 



mm 

t(iIlg(mS1)«< fcs £ 
T\ m^|l^({|Lm^1) 



[ADVANTAGE] 

As is evident from the above explanation, 
according to this invention, high-pitch distortion 
of reproduction sound is improved, and high 
quality reproduction sound is obtained. 
In conventional method, when modulation factor 
(m IS J_ESS_THAN_OR_EQUAL_TO 1 ) 
became deep, distortion factor degraded 
remarkably. 

However, regardless of m, distortion can be 
reduced in this invention basically. 
Therefore, m of effect is remarkable when large 
(however, m IS_LESS_THAN_OR_EQUAL_TO 
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\<dw&w 1). 

1^ lA^fp] Reproduction sound pressure is proportional to 
m here. 

Therefore, it is direction very desirable also for 
efficiency improvement of acoustic transducer 
that major m can be used. 



w <d mmm & & m- a & & 
1 • • • ^miM^-Ws 2 • • • 

SfcB* 3 • • • 4 . . . 

an*** 5 • • • «&3§ s 6 • • • 

jfiWS^EtlSfeS, 7 • • • »Hl 
8- • -^!7 — T>7\ 9 - • • 
^#^SeK)?-T U— , 10 • • • 



[BRIEF DESCRIPTION OF THE DRAWINGS] 

FIG.1 and FIG.2 is electric-circuit figure for each 
explaining Example of this invention. 
1... Source of modulating signal, 2... Constant 
multiplier, 3... Source of direct flow, 4... Adder, 
5... SQUARE-ROOT-OF converter, 6... 
Ultrasonic band oscillator, 7... Multiplier, 8... 
Power amplification, 9... Ultrasonic-vibrator 
array, 10... Double-integral device. 



titbit v =- 
asm a] mm-wiE 
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[FIG. 1] 




[FIG. 2] 
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